inside the band gap, exhibiting semiconducting properties. [3] Recently, superconducting properties of these binary or ternary PCMs, such as SnTe [4] , Sb2Te3 [5] , GeSb2Te4 [6] have been found whenever pressure is applied or carriers are introduced. First-principles calculations have shown that the highpressure phase (Pm-3m) of SnTe is metallic and has a very flat band near the Fermi level [7] , which is favorable to the formation of the cooper pairs. [8] The superconductivity in Sb2Te3 indicates that the crystal structure of the compound remains stable at lower pressure and its superconductivity is topologically related. [9] Here we focus on the PCM SnSb2Te4, which can be considered a mixture of SnTe and Sb2Te3, so it is of great interest to check whether this ternary compound would exhibit superconductivity under applied pressure or not. Herein we focus on the pressure-dependent structure and electronic properties under pressure of SnSb2Te4. Figure 1 shows crystal structure of (a) parent compound Sb2Te3, (b) of SnSb2Te4, (c) of its primitive cell. The figures were drawn using VESTA [10] . Brown, green yellow, and gray balls represents Sb, Te, and Sn, respectively. SnSb2Te4 has a trigonal structure with space group R-3m(lattice constants of a = b = 4.3158 Å and c = 41.6574 Å) at ambient pressure. [ By a certain heat treatment, the SnSb2Te4 also transform into a NaCl-type FCC structure [15] .
The atomic structure and electronic structure of SnSb2Te4 were calculated using the projector augmented wave (PAW) method, as implemented in the Quantum ESPRESSO software package.
[16] [17] The generalized gradient approximation(GGA) of Perdew-Burke-Erzerhof (PBE) [18] was used to Crystal Orbital Hamiltonian Population (COHP) [19] and its energy integral (ICOHP) were used for bonding state analysis, implemented in LOBSTER.
[20] Figure 2 shows the calculated band structure, density of states (DOS), and COHP of SnSb2Te4 at ambient pressure. We also present the band structure of SnSb2Te4 ( SnSb2Te4, the applied pressure results in the shrinking of Sn-Te and Sb-Te bond lengths and thus the anti-bonding states near the VBM and CBM would both shift toward high energy. This might be the reason why the band gap of SnSb2Te4 decreases as the applied high pressure. The similar trend was also found in our previous studies for SnBi2Se4 [21] , PbBi2Te4 [22] , and AgIn5Se8 [23] .
Single crystals of SnSb2Te4 were grown using a conventional melting method. Sn (99.9%, powder), Sb (99.99%, powder), Te (99.9%, grain), combined in stoichiometric ratios in an evacuated silica tube.
Afterward, the tube was put into a furnace and heated up to 1010K for 10h. The samples were then slowly cooled to 873K at a rate of 9.1 K h -1 and held for 24h. Powder X-ray diffraction was conducted by Mini Flex 600 (Rigaku). Pressure effect was measured by Boron-doped diamond anvil cells (DAC) [24] . Figure 3 shows the powder XRD pattern of SnSb2Te4. The peaks were corresponding to a The temperature dependence of the resistivity for SnSb2Te4 are shown in Fig. 4 , measured from 4.5K to 296K. Fig. 4 shows the resistivity of SnSb2Te4 decreases with decreasing temperature which is in good agreement with metallic behavior. In non-magnetic metals, the temperature dependence of resistivity is mainly derived from electron-phonon interactions [25] and can be expressed by BlochGruneissen formula. [26] ( )
Where ρ(0) is the residual resistivity due to defect scattering and is independent of temperature. ΘR is the Debye temperature. αel-ph is a constant associated with the electron-phonon coupling constant λ.
The blue line of Fig4(a) is the fitted equation from 6K to 200K and the Debye temperature can be obtained close to 320K, which is much larger the Sb2Te3(ΘR = 200K) [27] and SnTe (ΘR = 165K) [28] . It is known from the BCS theory that the Debye temperature is positively correlated to the critical temperature Tc. [27] Therefore, we have reason to believe that SnSb2Te4 can exhibit superconducting properties under pressurized conditions. increasing the density of states of the Fermi level contributes to the transition from a normal conductor to a superconductor. We have found that in the case of anti-bonded substances, the energy gap tends to decrease with increasing pressure when the pressure is not large. Since SnSb2Te4 is generally flat near the Fermi level, and an anti-bond state occurs in the bonding region. Therefore, under pressurized conditions, electron-phonon coupling is likely to occur, resulting in superconductivity. Since we did not obtain the XRD data under high pressure, the specific superconducting mechanism of SnSb2Te4 is still unknown.
Conclusion
We study the structure information of SnSb2Te4 via first-principles calculation. We found that SnSb2Te4 has anti-bond state at the valence and conduction band edges. We have noticed that many pressure-induced superconductor in our previous studies have this similar charactersitcs. The SnSb2Te4 undergoes a superconducting transition with ~ 2 when a pressure of 8.1 GPa is applied. With further increase of pressure, the systems reaches a maximum of ~ 7.4 K, around 32.6 GPa.
And the relationship between pressure and Tc did not appear saturated.
